Background: The role of placebos is often misunderstood, leading both to overvaluation and to inappropriate disdain. The effect of a placebo that contains no pharmacologically active substance is often confused with the effect of administration by a physician. The aim of this article is to review the current data on placebos, evaluate these data critically, and provide a well-founded and understandable explanation of the effects that placebos do and do not possess.
W
hy an article about placebos? The term "placebo" is familiar to both physicians and laypersons and is often used as a synonym for lack of effectiveness, as in "only a placebo effect." The effect of preparations used in alternative or complementary medicine is also often equated with that of placebos and are thus disparaged (1) . As ineffective substances, placebos are an essential element of clinical drug trials. By definition, their role is to allow a control group to be treated without therapeutic effect. Time and again, however, an effect is ascribed to placebos. The title of a recent study (2) even suggests a genetic basis for the placebo effect, giving rise to media debate under the headline "Placebo Gene." Does such a genetically determined sensitivity really exist, or is this, as so often with placebos, yet another misconception? The present article aims, on the basis of a selective literature review, to assemble the latest data about placebos, interrogate them critically, and on the basis of the result build up a comprehensible and well-founded picture of both their effects and their lack of effects (3-6, e1).
Definition of placebo and nocebo
The word "placebo" has its origin in the Latin "placere" and means literally "I shall please." According to the classical definition, a placebo is a "sham drug" without any pharmacologically active substance, which is externally indistinguishable from the true drug ("verum"). The placebo itself cannot therefore trigger any effect. If there is any effect, it can only be the giving of the placebo, i.e., its being administered by the doctor to the patient, that is doing it. When the term "placebo effect" is used in this article, what is meant is this effect of the administration of a placebo.
Apart from the pure placebos, which contain only starch or other inert fillers, so-called active placebos also exist. These are genuine medicines that are either given at an ineffective dosage or, because of their spectrum of effect, have no effect on the disease under investigation. When the drug being tested is one that has characteristic side effects that the patient will notice, one may in special cases consider using an active placebo with similar side effects in the control group. Although it would be impossible to carry out a double-blind study for many drugs without adopting this procedure, it does involve ethical difficulties (7, 8) .
Patients who take placebos report not just desired effects, but also undesired effects (9) . The phenomenon that preparations devoid of active substances can have ill-making effects has, by analogy to placebo effect, been ascribed to the "nocebo effect" ("nocebo": "I shall harm") (10) . A negative, pessimistic basic attitude on the part of the patients, bad experiences with previous drug treatments, negative information that the patient receives from the doctor, pharmacist, or the press can all evoke side effects-as can reading the package insert with its long list of warnings (11) .
History
The first documented placebo test goes back to investigations by the natural scientist and later president of the USA Benjamin Franklin (e2). In his day, there was a popular healing method, propagated by the German doctor Franz Anton Mesmer and called after him "mesmerism." Under the direction of a committee assembled by the king of France, Franklin succeeded in overturning the opinion that the body contained a fluid that could be influenced from outside and could be guided by "mesmerization," by showing that the success of the treatment depended exclusively on the belief that the mesmerist was present. The therapeutic efficacy of drugs has been investigated by means of placebo-controlled, double-blind, randomized clinical studies since the middle of the 20th century.
Effectiveness of placebos
The estimation of the effect of placebos was for decades strongly colored by the influential publication by Beecher with the suggestive title, "The powerful placebo" (12) . These words were title, summary, and quotation in one. In this 1955 publication, Beecher analyzed several studies that used placebos, most of them his own, and drew some very decided conclusions from them. These included that placebos have a reproducible effect in about one-third of patients; that the stronger the symptoms of a disease, the stronger the effect of the placebo; and that the placebo effect usually lasts for quite a long time.
None of these three statements has stood up to careful analysis in later studies. First, the placebo effect shows a remarkable variability between 7% and 49% of the treated patients; second, the placebo effect is not correlated with the severity of symptoms; and, third, the duration of the placebo effect varies within a wide range from minutes to years (6, 13) .
Beecher, too, broached in his studies the question of a "placebo personality" that would allow response to a placebo to be predicted. Evidence for this is hard to find, however, such that the existence of a placebo personality and hence predictability of the response to a placebo have also been described as a myth (14) . The discussion on this subject, however, was recently much enriched by a publication mentioned at the beginning of this review, in which Furmark et al. proved the existence of a genetic disposition to respond to placebo (2) . They showed that a polymorphism of two genes that play an important role in serotonin metabolism determines the effect of a placebo treatment for social phobia. In this study, the tryptophan-hydroxylase-2 polymorphism allowed a statistically significant prediction of the placebo effect with an accuracy of 70.8%. Since serotonin has been shown to play a role in certain areas of the brain (e.g., the amygdala) in the pathogenesis of this illness and in its treatment with serotonin reuptake inhibitors, it seems plausible that this carrier substance should also play a role in the placebo response. To generalize from that, as has been seen in many instances in the media, and speak of a "placebo gene" is misleading and exaggerated, since this genetic sensitivity relates to only one set of symptoms and one specific mechanism of effect.
The placebo effect varies in strength for different indications. Two retrospective analyses of a total of 156 clinical studies showed that, in comparison to non-treatment, the placebo treatment had a significant and effective influence on subjective endpoints but very little on objective continuous endpoints (15, 16) . However, one study of hypertensive patients showed that systolic and diastolic blood pressure values were reduced by a placebo, and this was the case both for blood pressure measurements taken by a physician in a hospital and for automatic ambulatory blood pressure measurements (e3) .
Placebos have no effect on either subjective or objective binary (yes/no) endpoints, e.g., relapse after nicotine withdrawal (15, 16) . On the other hand, they can be highly effective on subjective continuous endpoints, such as pain. Just telling a patient that they have been given a strong painkiller can have a noticeable analgesic effect. British rheumatologists analyzed 198 placebo-controlled studies of patients with arthritis and showed that a placebo not only reduced pain but also improved function and reduced joint stiffness (17) .
BOX

Apparent and real components of the placebo effect
The effect of a placebo can be mimicked by the natural course of the underlying disease and by the statistical phenomenon of regression to the mean. A genuine placebo effect is mainly mediated by unconscious conditioning and conscious expectations. Other factors also come into play, such as the mode of administration and the context in which it takes place; the patient-physician relationship is important here. 
Mechanisms of effect of placebos
According to the current predominant and well-proven theories, the main mechanisms of the placebo effect are conditioned reflexes and patients' expectations (6). That is, both conscious and subconscious phenomena are at work (Box).
Conditioned reflexes
The definition of the conditioned reflex goes back to the historical studies by Pavlov (e4). Pavlov observed in an experimental setup with dogs that the sight of food stimulated their gastric secretions. If the food was presented at the same time as an acoustic signal, after a brief habituation the acoustic signal alone was enough to trigger the gastric secretions. Now, most patients have had the experience in life of taking medicine and finding that it improves their symptoms. If, therefore, when they have new symptoms, they are offered medicine, they subconsciously assume that it will help again. The consequence of this attitude is that even a placebo can be effective. However, if the patient notices that the new medication is helping less than the earlier one, this positive attitude reduces, and thus so does the effect of the next placebo administration. In other words, the patient becomes deconditioned (e5).
Expectations
In contrast to the subconscious sequence of events involved in the conditioned reflex, the patient also has a conscious expectation when taking medicine. The doctor's prescription, the pharmacist's instructions, the comments of friends and relatives, and any knowledge that the patient him-or herself may have lead to the conscious assumption that improvement should follow. The remarkable thing is how robust this attitude of expectation can be. In one study (e6) that used placebos, the patients were even told openly that they were receiving a tablet without any active substance. The only additional comment that was allowed was that "it had helped many people." Despite the objective information about the absence of any active ingredient, this positive remark ensured that the placebo administration was effective in 13 out of 14 patients and reduced their subjective symptoms by 41%. The influence of expectations on therapeutic effects becomes especially clear when drugs or placebos are studied in an "open-hidden paradigm", i.e., with and without the patients' being aware of their administration (5).
Additional factors
Various factors can modulate a placebo effect. It has been shown, for example, that the color, size, and shape of orally administered drugs can have an effect (6) . Red, yellow, and orange lead to an expectation that the drug will stimulate, while blue and green produce an expectation of a calming effect (18) .
Price also has an influence: expensive drugs work better than cheap ones (19) . This phenomenon can be demonstrated beyond the placebo example, in other consumer situations. In one recently published study, probands were offered several wines that were described only by their price. In a blind tasting, the same wine did much better when it was described as more expensive (20) .
Other factors in placebo administration relate to the doctor's influence on the patient's attitude to his or her disease. These can be referred to collectively as the "context effect" (21) . This includes both objective medical information from the doctor and his or her personal charisma and the atmosphere within which the treatment takes place. A study of 262 patients with irritable bowel syndrome showed the following (22) : the first group (I) was only examined, the second (II) received sham acupuncture, and the third (III) sham acupuncture combined with an empathetic, confidential interview. In group II symptoms improved significantly compared to group I, and in group III the improvement was even greater than in group II, with again a significant difference between groups II and III. On the other hand, no correlation has so far been clearly established between an attitude of positive expectation on the part of the doctor and healing effect, so the proposal of the term "curabo effect" ("curabo": I shall heal) appears to be premature (23) .
Simulated placebo effects
The effect of a placebo can be mimicked by statistical effects. The main ones are the natural course of the disease and regression to the mean.
Natural course of a disease
Most diseases have a more or less defined natural course characterized by a succession of alternating improvements and deterioriations in the symptoms. Fortunately, in the majority of cases these alternating disease events have a positive trend, i.e., they tend towards healing. If a patient with this kind of tendency to get well is given a placebo, it can appear that the 
Overall effect of a drug
The overall effect of a drug stems not only from its specific pharmacological effects but also from general effects such as are observed with placebo administration. For this reason it is possible, by purposefully employing components that trigger a placebo effect, to increase the efficacy of genuine drugs. In this way, conventional pharmacotherapy can be improved for very little extra effort.
improvement is due to the placebo (6) . The problem is now to define a suitable control, since normally, for a treatment with an active substance, it is the placebo itself that serves as the control. An analysis of the problem quickly shows that it is difficult if not impossible to test the placebo effect itself. Leaving out the placebo in the comparison group would make double-blind studies impossible, and would evoke negative feelings in the patients because it would be obvious that they were not receiving any treatment.
Regression to the mean
The phenomenon of regression to the mean, observed in many biological processes, is the following: that in a group defined on the basis of particular qualities, these qualities are less pronounced on testing at a later date (24) . If, for example, a drug trial recruits patients with particularly severe headaches, it is to be predicted that at a follow-up examination after a few weeks the headaches will on average have become weaker. The probability that very severe headaches will regress over time simply is greater than the probability that they will increase. Another biological example is the fact that children's height correlates with that of their parents, but it is not identical. That is, children of tall parents are taller than the children of short parents, but they are not as tall as their own parents (e7). Regression to the mean can thus result in the assumption of a placebo effect where in fact none exists.
Effect of nocebos
Much less research has been done into the nocebo effect. The reason given for this is that it is ethically unjustifiable to provoke disease in healthy people using the nocebo effect. The nocebo effect, like the placebo effect, is often based on a conscious attitude of expectation. Both the mental anticipation of a future event and the strength of the expectation influence the extent of the response to a nocebo (9) . A patient who fears that particular external influences make one ill may develop symptoms. A common term for this phenomenon is "self-fulfilling prophecy." Nonspecific side effects that may be explained by the nocebo phenomenon are often vague, mild complaints such as nausea, tiredness, insomnia, and stomach ache, or else symptoms of the underlying disease itself (e.g., pain).
With the nocebo effect, too, conditioned reflexes play a role. In a person with psychosomatic stomach ache, the hormone cholecystokinin provokes a pain reaction in the brain. This conditioning, elicited by a fear-triggered messenger substance, evokes the side effects expected on taking the medicine (25) .
Treatment with placebos
Placebo effects probably make up a part, if not all, of the effectiveness of alternative and complementary medicine (1) (Figure) . However, since the knowing administration of a placebo for therapeutic purposes means bringing about a false state of affairs that is kept hidden from the patient, it needs to be investigated, as a matter of principle but also as a matter of law, whether purposive administration of placebo does not constitute a deception that must be ethically justified in each individual case (e8-e10).
Summary
In orthodox medicine, the placebo effect is an important instrument in the physician's armamentarium. This form of placebo effect ought to be freed from its negative associations, because it very often does help the patient. In addition, conscious use of "the doctor as a drug" only takes a very small amount of extra time, which would be more than justified by the increased benefit. If physicians prescribing pharmacologically effective substances were to offer as much care and attention as are given during many complementary medical treatments, the effectiveness of drugs could be increased, the dose reduced, and the therapeutic spectrum broadened. It would be regrettable if orthodox medicine were to fail to avail itself of this therapeutic benefit and the possibility it offers of great effects for little effort.
